Objective: Depression among pregnant women is a prevalent public health problem associated with poor maternal and offspring development. Behavioral activation (BA) is a scalable intervention aligned with pregnant women's preference for nonpharmacological depression care. This is the first test of the effectiveness of BA for depression among pregnant women, which aimed to evaluate the effectiveness of BA as compared with treatment as usual (TAU). Method: Pregnant women (mean age ϭ 28.75 years; SD ϭ 5.67) with depression symptoms were randomly assigned to BA (n ϭ 86) or TAU (n ϭ 77). Exclusion criteria included known bipolar or psychotic disorder or immediate self-harm risk. Follow-up assessment occurred 5 and 10 weeks postrandomization and 3 months postpartum using self-report measures of primary and secondary outcomes and putative targets. Results: Compared with TAU, BA was associated with significantly lower depressive symptoms (d ϭ 0.34, p ϭ .04) and higher remission (56.3% vs. 30.3%, p ϭ .003). BA also demonstrated significant advantage on anxiety and perceived stress. Participants attended most BA sessions and reported high satisfaction. Participants in BA reported significantly higher levels of activation (d ϭ 0.69, p Ͻ .0002) and environmental reward (d ϭ 0.54, p Ͻ .003) than those who received TAU, and early change in both of these putative targets significantly mediated subsequent depression outcomes. Conclusions: BA is effective for pregnant women, offering
Depression affects up to 10% of women during pregnancy and 20% of women in the first three months postpartum (Evans, Heron, Francomb, Oke, & Golding, 2001; Gavin et al., 2005) ; moreover, anxiety and stress are often comorbid with depression among pregnant and postpartum women (Babb, Deligiannidis, Murgatroyd, & Nephew, 2015; Goodman, Chenausky, & Freeman, 2014) . The occurrence of depression and its comorbidities among women at this life cycle stage is associated with increased risk of multiple adverse correlates and consequences for both women and their offspring (Stein et al., 2014) . As a result, the identification of scalable, effective evidence-based psychotherapies for this population is an important public health goal, particularly given data suggesting low rates of screening and treatment of depression among perinatal women (Ko, Farr, Dietz, & Robbins, 2012) . Behavioral activation (BA) is a promising psychotherapy for this population for empirical, practical, and theoretical reasons. We conducted the first pragmatic effectiveness trial of BA for antenatal depression and examined the extent to which BA engaged core putative targets and to which early change in these targets mediated subsequent depression outcomes.
The contemporary use of BA is grounded in theory and applied clinical research conducted by behaviorists in the 1970s (Dimidjian, Barrera, Martell, Munoz, & Lewinsohn, 2011) . Interest in this early work was revitalized after a series of studies conducted by Jacobson and colleagues (1996) and Dimidjian and colleagues (2006) ; in parallel to this work, Lejuez and Hopko and colleagues also examined the use of BA among depressed populations (Lejuez, Hopko, & Hopko (2001) ). Since then a strong evidence base has accumulated supporting the efficacy of BA in general populations, as summarized in systematic reviews and meta-analyses (Cuijpers, Andersson, Donker, & van Straten, 2011; Cuijpers, van Straten, Andersson, & van Oppen, 2008; Cuijpers, van Straten, & Warmerdam, 2007; Ekers, Richards, & Gilbody, 2008; Ekers et al., 2014; Mazzucchelli, Kane, & Rees, 2009; Mazzucchelli, Kane, & Rees, 2010) .
Among depression treatments provided to pregnant women, pharmacotherapy is the most widely used, with estimates that at least 75% of pregnant women identified as depressed are referred for pharmacotherapy (Dietz et al., 2007) . In fact, the increase in antidepressant use among pregnant women has been described as "dramatic," from less than 1% of pregnant women before 1988 to more than 7% in 2008 (Mitchell et al., 2011) . This is noteworthy in light of women's documented preferences for nonpharmacological depression care (Battle, Salisbury, Schofield, & Ortiz-Hernandez, 2013) and high rates of relapse among pregnant women who discontinue antidepressant use (Cohen et al., 2006; Roca et al., 2013) .
The pharmacological management of depression during pregnancy requires ongoing consideration of risks and benefits for maternal mental health and fetal development (Wisner et al., 2000; Yonkers et al., 2009) . Moreover, some evidence suggests that antidepressant medication efficacy among general populations is moderated by patient severity such that specific pharmacological benefit is observed only among patients with severe baseline symptoms (Fournier et al., 2010; Kirsch et al., 2008) ; such findings raise the question of whether some pregnant women are exposed to potential adverse effects without specific pharmacological benefit. Because there have been no randomized controlled trials of antidepressants with pregnant women (nor are there likely to be), it is necessary to rely on placebo controlled pharmacotherapy and psychotherapy comparisons within the general population to guide intervention selection. The evidence base for BA speaks directly to this point. Relative to antidepressant medication in a sample of adults with major depression, BA was comparable in efficacy and superior with respect to retention (Dimidjian et al., 2006) and enduring effects over a 2-year follow-up (Dobson et al., 2008) .
Moreover, relative to other evidence-based psychotherapies, BA may offer scalability advantages that are relevant to pregnant and postpartum women. Multiple studies provide strong evidence suggesting that nonspecialists can deliver BA effectively among general populations in routine care medical settings (Chowdhary et al., 2016; Ekers, Richards, McMillan, Bland, & Gilbody, 2011) . These advantages may be particularly salient for depressed pregnant women given documented low rates of treatment seeking and preference for care in nonspecialty settings (Flynn, Henshaw, O'Mahen, & Forman, 2010; O'Mahen & Flynn, 2008) . Moreover, clinical guidelines require obstetric and primary care providers to screen for depression and deliver care or refer women who screen positively for depression (ACOG, 2015; Siu et al., 2016) ; as a result, many obstetric settings are likely to face increased rates of detection without corresponding availability of mental health services, underscoring the importance of psychotherapies that can be broadly and effectively delivered.
Finally, another rationale for the investigation of BA for antenatal depression is that the model that guides BA emphasizes the importance of understanding and treating depression in context. Given the contextual shifts inherent to the perinatal transition for women, the conceptual underpinnings of BA are a logical match for the unique treatment needs and preferences of pregnant women. In BA, an emphasis is placed on the ways in which depression is related to shifts in life context and on the maladaptive links that can develop between mood and reduced activity, and increased withdrawal, avoidance, and routine disruption. IntervenThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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tions target negative cycles of depressed mood and reduced activity with guided activation in an effort to help individuals become more active, increase contact with sources of reward, and solve problems. Despite the clear behavioral model that guides BA, few intervention studies have tested the extent to which BA engages the putative targets of activation and experience of reward, relative to comparison conditions, or the extent to which engaging these targets mediates improvement in depression (for a recent exception, see, e.g., Ryba, Lejuez, & Hopko, 2014) . We conducted a pragmatic effectiveness randomized controlled trial to optimize relevance for clinical practice (Glasgow, Magid, Beck, Ritzwoller, & Estabrooks, 2005; Tunis, Stryer, & Clancy, 2003) . The overall aim of the study was to examine the effectiveness of BA across four sites in different regions of the United States within the National Institute of Mental Health funded Mental Health Research Network (MHRN). We randomly assigned pregnant women to BA or treatment as usual (TAU) and assessed changes in outcomes from pregnancy through the third month postpartum. Specifically, we addressed the primary hypothesis that BA would demonstrate superior effectiveness, relative to TAU, on change in depressive symptoms and rates of remission as measured by the Patient Health Questionnaire (PHQ-9; Kroenke, Spitzer, & Williams, 2001) . We also addressed the secondary hypotheses that BA would demonstrate superior outcomes, relative to TAU, on measures of anxiety and stress, given their common co-occurrence with depression during pregnancy, and maternal self-efficacy as an index of an early postpartum functional outcome. We also examined reports of treatment satisfaction as an index of responsiveness of the BA intervention to pregnant women's developmental needs and preferences. Finally, we addressed the hypotheses that BA would engage putative targets of activation and environmental reward significantly more than TAU and that early change in these variables would mediate subsequent depression symptom improvement.
Method

Participants: Description and Informed Consent
A four-site randomized controlled clinical trial was conducted to evaluate the effectiveness of BA. Women were recruited from the following sites of the MHRN in the United States, including Seattle, Washington (Group Health Cooperative), Minneapolis, Minnesota (HealthPartners), Denver, Colorado (Kaiser Permanente Colorado), and Atlanta, Georgia (Kaiser Permanente Georgia). These large integrated healthcare systems provide general medical and mental health care to defined populations, including members enrolled via commercial insurance, Medicaid, and other low-income programs. Enrollment occurred between April 2012 and June 2013, and assessment concluded in October 2014. Outcomes were measured at baseline, 5 and 10 weeks after randomization, and 3 months postpartum; participants completed measures online using the DatStat Illume software platform (www .datstat.com), which supports 64-bit security and authentication. Participants received $25 (U.S.) for completing each study assessment; participants were not paid for intervention session attendance. The study was approved by the institutional review boards and by institutional authorization agreement at each of the implementation sites and the University of Colorado Boulder and Emory University. After complete description of the study to the participants, written informed consent was obtained.
Recruitment, Eligibility, Consent, and Randomization
Inclusion and exclusion criteria were minimal: (a) pregnant; (b) receiving care at one of the four MHRN sites; (c) aged 18 or older; (d) baseline score of Ն10 on the PHQ-9 (Kroenke et al., 2001) ; (e) English speaker; and (f) no known diagnosis of bipolar or psychotic disorder, active substance dependence, or immediate risk of self-harm or need for hospitalization. Consistent with a pragmatic trial design, prior or current use of medication or psychotherapy was not restricted. In addition, we expanded the eligibility criterion to a baseline score of Ն10 on the PHQ-9 (from the initial plan to require Ն15, given clinical guidelines in the delivery settings that recommended additional screening and intervention for such patients). Recruitment strategies included referral from obstetric care providers, self-referral in response to written information provided during or after obstetric or behavioral health visits, outreach calls to women with elevated scores at obstetric visits, or mailed screening with the PHQ-9. A study coordinator at each site telephoned referred patients, provided information about study procedures, assessed eligibility, and scheduled in-person appointments to complete consent and baseline assessment measures. Participants were randomly assigned to BA or TAU using a random number table with equal probability of assignment to groups using separate assignment tables for each site. To maintain allocation concealment, randomization was executed automatically on entry of eligibility information into the study database; assignment was completely concealed from study personnel during recruitment and assessment of eligibility. The CONSORT diagram illustrates participant flow (see Figure 1 ).
Interventions
BA. BA was delivered in a manner tailored for depressed pregnant women. In addition, all participants assigned to BA had full access to usual care. We allowed flexible delivery of BA with respect to location and timing of sessions to accommodate women's preferences. BA sessions were delivered in the obstetric clinic, by telephone, or in women's homes. We used a 10-session protocol for the intervention, but clinicians were encouraged to be flexible with the spacing and number of sessions to accommodate pregnant women's scheduling demands. Ten providers were trained initially, and eight completed training and provided the study intervention; four had a nursing degree (nurse midwife, nurse practitioner), three had a master's degree in behavioral health, and one was a registered occupational therapist. All were naïve to BA at the outset of the study.
BA training included 2 days of in-person workshops and selfpaced reading followed by ongoing weekly group telephonic supervision (90 min) and individual supervision as needed (30 min). BA training and supervision was provided by two of the authors, SD and SSW. The BA providers followed procedures outlined in the BA treatment manual (Martell, Dimidjian, & Herman-Dunn, 2010) , with customizations for delivery during pregnancy. Although initial studies of BA included up to 24 sessions (e.g., Dimidjian et al., 2006) , the 10-session duration of treatment was used in this study given concerns about feasibility of delivery in This document is copyrighted by the American Psychological Association or one of its allied publishers.
the obstetric setting; the core strategies used in the initial BA study were implemented over this shorter duration of care. Treatment began with the provider and the participant collaboratively developing a case conceptualization and treatment plan based on the behavioral model of depression. Core treatment strategies included self-monitoring, structuring and scheduling activities, problemsolving, and increasing social support. Interpersonal communication skills were emphasized as clinically indicated (Linehan, 1993) . Sessions were structured and between-session homework was emphasized. Clinical examples and assignments were tailored to the circumstances and challenges of pregnancy and the early postpartum. The Quality of Behavioral Activation Scale (QBAS; Dimidjian, Hubley, Martell, and Herman-Dunn, unpublished measure) was used to assess the treatment fidelity of BA providers. Fourteen items were rated using a 7-point Likert-type scale with higher scores indicating higher quality. A score of 3 on each item corresponds to satisfactory skill in implementing the BA component delineated by that item. Although the QBAS is unpublished, it is the primary measure of quality of BA in use. QBAS ratings were made based on clinician participants' performance in standardized role-plays with a hypothetical patient portrayed by trained research assistants. Role-plays, conducted over the telephone, were audiorecorded for later rating. Before each role-play, clinicians read a one-page vignette that detailed background information, depressive symptoms, depression history, and prior treatment of the client. Clinicians were assessed at baseline, posttraining, and 9-month follow-up (one clinician was unable to complete the role-play at baseline because of logistical difficulties). Two BA experts, blind to time, completed all ratings. Reliability between the two experts for 12 overlapping ratings was acceptable, with an ICC of .84, and scores at posttraining (M ϭ 3.56, SD ϭ 1.05) and 9-month follow-up (M ϭ 3.82, SD ϭ 1.16) both exceeded the "satisfactory" threshold.
TAU. TAU consisted of receiving routine care and completing study assessments. If study assessment indicated an elevation in depression symptom severity, then the participant and the obstetric provider were notified, and referral to a behavioral health provider at the treatment site was provided as appropriate.
Assessed for eligibility (n=986)
• 810 recruited by mail • 176 referred by clinicians Excluded (n=823)
• Not meeting inclusion criteria (n=781)
• Declined to participate (n=42)
Analyzed (n=86) Lost to follow-up (no completed assessments after baseline) (n=8)
• No response to follow-up survey requests, no follow-up contact information (n=7)
Allocated to BA (n=86)
• Did not receive allocated intervention (did not attend multiple appointments, did not respond to phone or email attempts, withdrawn due to imminent risk) (n=6)
Lost to follow-up (no completed assessments after baseline) (n=5)
• No response to follow-up survey requests, no follow-up contact information (n=5)
Allocated to Treatment-as-Usual (n=77) Analyzed ( This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Measures
Baseline clinical characteristics were assessed with the selfreported Psychiatric Diagnostic Screening Questionnaire (PDSQ; Zimmerman & Mattia, 2001) subscales to screen for Diagnostic and Statistical Manual of Mental Disorders (fourth edition; DSM-IV) diagnoses of posttraumatic stress disorder (PTSD), obsessivecompulsive disorder (OCD), panic disorder, and social anxiety; the recommended cutoffs are scores of 5, 1, 4, and 4 on these subscales, respectively, indicating greater likelihood of qualifying for the given diagnosis. Alcohol use was assessed with the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C; Bush, Kivlahan, McDonell, Fihn, & Bradley, 1998) . Additional questions assessed current and past depression treatment and demographic characteristics.
The primary outcome of depressive symptom severity was assessed at baseline and all follow-up assessments with the PHQ-9 (Kroenke et al., 2001) , which has been validated against a structured diagnostic interview in pregnant women, with a cutoff score of 10 indicating a diagnosis of depression with sensitivity (85%) and specificity (84%) (Lowe, Unutzer, Callahan, Perkins, & Kroenke, 2004) . Consistent with a pragmatic trial design, the use of a self-report measure of depression severity parallels routine practice in clinical settings and has benefits over semistructured diagnostic interviews of being shorter and less costly.
Secondary outcomes measurement occurred at baseline and at all follow-ups, with the exception of maternal self-efficacy, which was only measured at 3 months postpartum. The Generalized Anxiety Disorder 7-item Questionnaire (GAD-7; Spitzer, Kroenke, Williams, & Lowe, 2006) assessed the presence and severity of GAD, and the Perceived Stress Scale (PSS-10; Cohen & Williamson, 1988 ) assessed stress; on both scales, higher scores indicate higher severity. Higher scores on the Maternal Self-Efficacy Questionnaire (Teti & Gelfand, 1991) indicate higher perceived maternal self-efficacy. Satisfaction with treatment was assessed among participants receiving BA at 10 weeks with the Client Satisfaction Questionnaire (CSQ-8; Attkisson & Zwick, 1982) , with higher scores indicating greater satisfaction.
Two questionnaires assessed change on BA putative targets and were administered at baseline and all follow-ups. The Behavioral Activation for Depression Scale-Short Form (BADS-SF; Manos, Kanter, & Luo, 2011 ) measures extent of activation over the past week. The Environmental Reward Observation Scale (EROS; Armento & Hopko, 2007) measures the experience of environmental reward over the past several weeks. Higher scores indicate more activation and reward, respectively.
To characterize the nature and extent of other service use in both conditions, utilization of psychotropic medication dispensing and nonstudy behavioral health services was obtained from extraction of mental-health-related pharmacy, diagnosis, and procedure codes from a virtual data warehouse that is populated with electronic medical records data.
Sample Size and Power
A priori power estimates were based on a planned sample size of 85 per group (assuming a 15% attrition rate), a two-tailed ␣ level of .05, a correlation between outcome assessments of 0.5, and an effect size defined as the time-averaged mean difference in PHQ-9 scores between BA and TAU groups divided by the withingroup standard deviation. Power for three different hypothetical effect sizes of .3, .4, and .5 was 60%, 84%, and 96%, respectively, indicated adequate power to detect at least a medium clinical effect between BA and TAU.
Statistical Analyses
Baseline differences between the BA and TAU groups were examined using 2 test for binary variables, Cochran Mantel Haenszel tests for categorical/ordinal variables, and t tests for continuous variables. Depression, anxiety, and perceived stress outcomes were examined using general mixed-model analysis of variance (MMANOVA) implemented in PROC MIXED in SAS, version 9.3 (SAS Institute, Inc., 2011). The MMANOVA is a repeated-measures model that uses all available data, similar to hierarchical linear models (HLM; Raudenbush & Bryk, 2002) . Unlike HLM, the MMANOVA does not require a mathematical relationship such as linear change between time and outcome; assessment point is treated as a fixed effect with baseline included as the first outcome measure. This resulted in an intent-to-treat analysis, including all randomized participants. Covariates included an assessment completion indicator, defined as failing to provide the final 3-month postpartum assessment (14% for TAU vs. 26% for BA, 2 (1) ϭ 3.21, p ϭ .07), the assessment completion indicator by site interaction (21% within Colorado, 50% within Georgia, 9% within Minnesota, and 17% within Washington; 2 (3) ϭ 22.55, p Ͻ .001), baseline anxiety score (t(161) ϭ 2.14, p ϭ .034), and psychotherapy at the time of enrollment ( 2 (1) ϭ 3.47, p ϭ .062). MMANOVA included treatment-by-time interaction, which allows the magnitude of the treatment differences to vary over the assessment, with no treatment difference at baseline due to randomization. MMANOVA allowed us to estimate the average change from baseline over the assessment period for each treatment, and the overall treatment effect is the contrast of the average change from baseline between the two treatments.
As a sensitivity analysis for missing data, we implemented a Markov Chain Monte Carlo (MCMC) imputation method through PROC MI of SAS 9.3 to create a complete data set using all observed clinical and demographic data (Yuan, 2011) . MCMC constructs a Markov chain long enough for the distribution of the elements to stabilize to a common, stationary distribution. Data augmentation is applied to Bayesian inference with missing data by repeating a series of imputation and posterior steps. These two steps are iterated long enough for the results to be reliable for the imputed data set (Schafer, 1997) . The goal is to have the iterates converge to their stationary distribution and then to simulate an approximately independent draw of the missing values. We subsequently ran 10 sets of MCMC imputations and ran MMANOVA on the average of the imputed data (Rubin, 1987) .
To assess the clinical significance of differences between BA and TAU on depressive outcomes at the final 3-month postpartum assessment point, we used two approaches. We compared differences by group in rates of remission, defined as achieving a final score Ͻ5 on the PHQ-9, using the 2 test for observed data. We also used the method for evaluating clinical significance proposed by Jacobson and Truax (1991) in which all dropouts and other missing data were scored as unimproved and included in the denominator of the calculations, providing a full intent-to-treat analysis. This document is copyrighted by the American Psychological Association or one of its allied publishers.
For the maternal self-efficacy outcome, an analysis of covariance (ANCOVA) was used, controlling for baseline PHQ-9 and site. Treatment satisfaction was acquired solely on the BA participants at the 10-week assessment point and was descriptively examined.
Assessment of mediation was performed with path analysis using multilevel models that examined the extent to which inclusion of the proposed mediator in the original analysis reduced the level of significance for the treatment effect. We used early change in the proposed mediators (baseline through week 10) and subsequent average PHQ-9 scores (week 10 through the 3-month postpartum), controlling for all specified covariates per the outcome model. To quantify the mediation effect, we utilized the Sobel z with the standard error, derived by using the second order Taylor Series approach (Krull & MacKinnon, 2001) . We ensured the sample size across the sequential models was the same for all path models. Consistent with Shrout and Bolger (2002) , we followed the use of bootstrap to test mediation, and with our repeated data structure we used the case resampling bootstrap approach. Significance levels for all analyses were evaluated at p Ͻ .05. Table 1 summarizes baseline demographic and clinical characteristics. Overall, participants reported moderately severe depressive symptoms on the PHQ-9 and symptoms of PTSD, OCD, and social anxiety that approximated or exceeded established clinical cutoff scores. Baseline measures also indicated moderate to severe generalized anxiety disorder (GAD) symptoms, high levels of perceived stress, and low levels of pastyear alcohol use. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Results
Sample Characteristics
Treatment Attendance, Satisfaction, and Other Service Use
Two thirds of participants assigned to BA completed five or more sessions (M ϭ 6.43; SD ϭ 3.64). Participants assigned to BA also reported a high degree of satisfaction on the CSQ-8 at the 10-week assessment, M ϭ 27.76, SD ϭ 3.83. Among participants with utilization data (n ϭ 142), rates of nonstudy psychotherapy did not differ between groups (8.22% [n ϭ 6] and 14.49% [n ϭ 10] for BA and TAU, respectively, 2 (1) ϭ 1.40, p ϭ .24). Similarly, there were no differences between groups in rates of psychotropic medication dispensing (23.29% [n ϭ 17] and 18.84% [n ϭ 13] for BA and TAU, respectively, 2 (1) ϭ .42, p ϭ .52).
Depressive Symptom Severity, Response, and Remission
Consistent with our primary hypothesis, depressive symptom scores (PHQ-9) averaged across all follow-up time points were significantly lower in BA than TAU, F(1, 152) ϭ 4.39; p ϭ .04, d ϭ 0.34. Estimated average reduction from baseline across the full follow-up period was 5.57 (SD ϭ 5.03) for BA and 3.98 (SD ϭ 5.00) for TAU; descriptive statistics by group and time are presented in Table 2 . An evaluation of whether assessment completion biased this intervention effect was conducted using the pattern-mixture model approach (Hedeker & Gibbons, 1997) , which examines whether the intervention contrast varies substantially as a function of completion. Results indicated that the assessment completion status did not have an informative effect on the intervention contrast, F(1, 151) ϭ 0.57, p ϭ .56. An additional sensitivity analysis for missing data that was based on imputation for missing data and observed data was conducted and yielded consistent findings with our observed data, F(1, 152) ϭ 5.18, p ϭ .024, d ϭ 0.37, with estimated average reduction from baseline across the full follow-up period of 5.06 (SD ϭ 4.18) for BA and 3.51 (SD ϭ 4.81) for TAU. We additionally assessed if the intervention effect was different across the four sites by adding a site-by-treatment interaction term to the model, which was nonsignificant, F(3, 149) ϭ 1.17, p ϭ .32.
With respect to clinical significance, we found advantage for BA relative to TAU in rates of remission for women with final assessment data at 3-months postpartum. 
Anxiety and Stress Symptom Severity
With respect to change in anxiety symptom severity (GAD-7), there was a significant benefit for BA compared with TAU, F(1, 152) ϭ 6.24; p ϭ .014, d ϭ 0.41. Estimated mean change from baseline across the full study period was 4.68 (SD ϭ 4.33) for BA and 2.95 (SD ϭ 4.96) for TAU. For perceived stress (PSS-10), there was a significant condition-by-time effect, F(1, 152) ϭ 3.89; p ϭ .02, d ϭ 0.33. There was no evidence of a significant difference between conditions from baseline to 5 weeks, F(1, 152) ϭ 3.22; p ϭ .07, d ϭ 0.30. However, participants in BA reported significantly lower perceived stress than TAU participants during the later assessment periods; specifically, between 5 and 10 weeks postrandomization, estimated mean scores were 18.98 (SD ϭ 11.22) for BA and 23.50 (SD ϭ 10.18) for TAU, F(1, 152) ϭ 17.93; p Ͻ .0001, d ϭ 0.73, and between 10 weeks postrandomization and 3 months postpartum estimated mean scores were 16.35 (SD ϭ 12.59) for BA and 21.32 (SD ϭ 11.56) for TAU, F(1, 152) ϭ 15.13; p ϭ 0.0001, d ϭ 0.67. Descriptive statistics by group and time are presented in Table 2 for anxiety and stress symptoms.
Maternal Efficacy
The comparison between conditions of perceived maternal selfefficacy did not attain statistical significance, F(1, 120) ϭ 3.54; p ϭ .062, d ϭ 0.34; estimated means adjusting for baseline depressive severity and site were 34.93 (SD ϭ 5.22) for BA and 36.04 (SD ϭ 5.49) for TAU.
Engagement of Putative Targets
To test early engagement of the putative targets of activation and environmental reward (baseline through the 10-week assessment), we examined change over time and by treatment group; see Table 2 Observed Depression, Anxiety, and Stress Symptom Severity and Putative Targets (n ϭ 77) (n ϭ 67) (n ϭ 64) (n ϭ 70) (n ϭ 68) (n ϭ 64) (n ϭ 66) Note. BA ϭ Behavioral Activation; TAU ϭ Treatment as Usual; PHQ-9 ϭ Patient Health Questionnaire; GAD-7 ϭ Generalized Anxiety Disorder 7-item Questionnaire; PSS-10 ϭ Perceived Stress Scale; BADS-SF ϭ Behavioral Activation for Depression Scale -Short Form; EROS ϭ Environmental Reward Observation Scale. 1 (n ϭ 63). 2 (n ϭ 65) This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Table 2 . Using the mixed model framework, with linear time, there was a significant effect of time, indicating that both conditions evidenced improvement, F(1, 127) ϭ 13.69; p ϭ .0003; and consistent with our hypothesis, a significant effect was evident for treatment, F(1, 128) ϭ 15.10; p ϭ .0002, d ϭ 0.69, with higher ratings of activation among participants in BA than TAU, with estimated means on the BADS-SF of 26.66 (SE ϭ 1.12) for BA and 22.31 (SE ϭ 1.02) for TAU. Focusing on early change in environmental reward (baseline through the 10-week assessment), there was a significant effect of time, indicating that both conditions evidenced improvement in environmental reward after baseline, F(1, 127) ϭ 27.24; p Ͻ .0001; and consistent with our hypothesis, a significant effect was evident for treatment, F(1, 128) ϭ 9.29; p ϭ Ͻ .003, d ϭ 0.54, with higher rating of environmental rewards among participants in BA than TAU, estimated means on the EROS of 25.11 (SE ϭ 0.63) for BA and 23.22 (SE ϭ 0.58) for TAU.
Mediation of Depressive Symptom Improvement by Putative Targets
To test the mediation of depression improvement by early engagement of activation as rated on the BADS-SF, we fit a sequential path model to examine the extent to which early change in BADS-SF (from baseline to 10 weeks) mediated subsequent depression symptom severity improvement (from 10 weeks to 3 months postpartum). In this model, consistent with our MMANOVA analyses, we found a significant intervention effect in early change in BADS-SF, t(137) ϭ 3.08, p ϭ .003, d ϭ 0.53), being driven by more change within BA (7.22 Ϯ 1.11) compared with TAU (2.48 Ϯ 1.105). We also found a significant intervention effect on the average difference in depression severity from week 10 through 3 months postpartum, t(127) ϭ 2.34, p ϭ .02), being driven by lower average severity for BA compared with TAU, 1.745 (SE ϭ 0.745), d ϭ 0.42. Early change in BADS-SF was a significant predictor of depressive severity from week 10 through 3 months postpartum, t(126) ϭ 6.41, p Ͻ .0001, corresponding to those with higher change in the BADS-SF having on-average lower later depression severity with an on-average reduction in depression severity of 0.211 (SE ϭ 0.033) units of per unit change in BADS-SF. Controlling for the BADS-SF early change, the intervention effect was no longer significant, t(126) ϭ 0.95, p ϭ .34, reducing to a 0.652 Ϯ 0.686 difference with lower scores for BA compared with TAU. For the BADS-SF early change, we found a Sobel effect of 1.006 (SE ϭ 0.36) corresponding to a significant Sobel z ϭ 2.77, p ϭ .009. Bootstrap estimates yielded a mean Sobel effect of 0.983 (SE ϭ 0.39) with a 95% confidence interval of (ϩ0.359 to ϩ1.832), corresponding to a significant mediation effect.
To test the mediation of depression improvement by early environmental reward as rated on the EROS, we fit a sequential path model to examine the extent to which early change in EROS (from baseline to 10 weeks) mediated subsequent depression symptom severity improvement (from 10 weeks to 3 months postpartum). In this model, consistent with our MMANOVA analyses, we find a significant effect indicating more early change between baseline and 10 weeks within BA (4.202 Ϯ 0.617) compared with TAU (1.115 Ϯ 0.635), t(137) ϭ 3.48, p ϭ .0007, d ϭ 0.59. We also found a significant intervention effect on the average difference in depression severity from week 10 through 3 months postpartum, t(127) ϭ 2.34, p ϭ .02, being driven by lower average severity for BA compared with TAU, 1.745 (SE ϭ 0.745), d ϭ 0.42. Early change in EROS was a significant predictor of depressive severity from week 10 through 3 months postpartum, t(126) ϭ 8.19, p Ͻ .001, d ϭ 1.49, corresponding to those with higher change in EROS having on-average lower later depression severity, with an on-average reduction in depression severity of 0.426 (SE ϭ 0.052) units of per unit change in EROS. Controlling for the EROS early change, the intervention effect was no longer significant, t(126) ϭ 0.52, p ϭ .60, d ϭ 0.09, reducing to a 0.331 Ϯ 0.637 difference with lower scores for BA compared with TAU. For the EROS early change, we found a Sobel effect of 1.31 (SE ϭ 0.41) corresponding to a significant Sobel z ϭ 3.21, p ϭ .002. Bootstrap estimates yielded a mean Sobel effect of 1.248 (SE ϭ 0.391), with a 95% confidence interval of (ϩ0.541 to ϩ2.071), corresponding to significant mediation effect.
Discussion
Our findings indicate that BA for pregnant women, relative to TAU, was an effective therapy for depression. Compared with those in TAU, pregnant women receiving BA reported significantly lower depressive symptoms and higher rates of clinically significant change. In addition, BA demonstrated significant benefit with respect to anxiety and stress symptoms, which commonly co-occur with depressive symptoms during pregnancy (Babb et al., 2015; Goodman et al., 2014) . Moreover, pregnant women demonstrated high compliance and satisfaction with BA. Finally, there is evidence that BA engaged putative targets of activation and environmental reward significantly more than usual care and that early change in these targets mediated subsequent depression symptom improvement.
This study reports the first application of BA with women during pregnancy. This is an important population to address given the unique needs of pregnant women, their children, and the healthcare providers who support them. Although untreated depression during pregnancy is associated with adverse correlates and consequences among both women and their offspring (Stein et al., 2014) , there exists a shortage of viable treatment options. Antidepressant medication can effectively treat depression among pregnant women (Yonkers, Blackwell, Glover, & Forray, 2014) ; however, it is possible that most pregnant women taking antidepressants do not derive specific pharmacological benefit from antidepressants given results from placebo-controlled trials in general populations (Fournier et al., 2010) . Moreover, few women continue antidepressant medication during pregnancy, and most experience high rates of relapse after medication discontinuation (Cohen et al., 2006) . These data suggest that pregnant women and their offspring may be exposed to the adverse effects of depression during pregnancy if interventions are not provided that are well aligned with women's preferences. Although pregnant women express preference for psychotherapy (Battle et al., 2013; O'Mahen & Flynn, 2008) , the paucity of scalable psychotherapies limits access for many pregnant women. To close the gap between treatment need and receipt among depressed pregnant women, it is imperative to provide access to effective, nonpharmacological intervention. The effects of BA on depression were clinically significant among pregnant women, with evidence of medium effect sizes also on anxiety and stress symptoms. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Our study builds on prior work indicating the scalability of BA. Although the efficacy of BA is well established, the effectiveness of BA in routine care settings has not been widely examined, which is a critical step in maximizing public health relevance according to the National Institutes of Health Stage Model (Onken, Carroll, Shoham, Cuthbert, & Riddle, 2014) . Our trial focused on effectiveness in the context of population-based recruitment and used a flexibly delivered protocol that was implemented by a diverse range of practitioners in real-world obstetric settings. Our study also builds on an emerging body of work indicating that BA can be delivered by nonspecialists in medical settings (Chowdhary et al., 2016; Ekers, Godfrey, et al., 2011; Ekers et al., 2008; . In our study, we utilized both mental health and nonspecialty clinicians (including nurses and master's level providers), suggesting that it is feasible to train a range of health providers who treat pregnant women to deliver BA. Although our study was not designed to test the extent to which specific mental health training is necessary to effectively deliver BA, this study underscores the importance of directly testing this question. In addition, emerging work suggests that BA may be delivered using Internet-based methods; among depressed postpartum women, Internet-based BA plus telephone support significantly outperformed usual care on depression, anxiety, and functional impairment outcomes (O'Mahen et al., 2014) .
Our study also contributes to an emerging literature examining the process by which psychological interventions achieve clinical benefit. Data on mediators of change are essential to determining the extent to which interventions work in a theory-specified manner. Although our study was not powered specifically to test mediation, our findings highlight the potential importance of early change in activation and environmental reward, consistent with behavioral models of depression that guide delivery of BA. Although we relied exclusively on self-reported change in putative outcomes, which may be confounded with depression symptoms, the focus on early change in putative targets predicting later change in symptoms was a strength of our approach. Nevertheless, we cannot infer a causal relationship between the mediators and outcome, and it is possible in study designs such as ours that a third variable influenced both mediator and outcome. It will be important for future studies to incorporate multimethod assessments of putative targets, including additional self-report measures of reward (e.g., Carvalho et al., 2011) , behavioral tasks (e.g., Treadway, Buckholtz, Schwartzman, Lambert, & Zald, 2009) , and experience sampling methods. In addition, it will be of value to test competing models of mediation that investigate processes specified as central to other psychological treatment protocols for depression and to power such studies specifically to test mediation.
The study had several limitations. We had a limited follow-up period of 3 months postpartum, which precludes us from examining potential enduring effects of BA. Given the relapsing nature of depression for most individuals, it is important to study a longer follow-up period among women treated with BA. That said, the effects on depression were comparable to studies of BA with general adult population samples, among whom BA has been demonstrated to be comparable to antidepressant medication in efficacy and superior in both acute treatment retention as well as to have enduring effects over a 2-year follow-up (Dimidjian et al., 2006; Dobson et al., 2008) . We also did not assess participants for major depressive disorder criteria and relied on a self-report measure as our primary outcome of depressive symptoms. However, pregnant women with elevated depression symptoms (and their offspring) have been found to be at risk for adverse outcomes; in a study comparing pregnant and postpartum women with elevated symptoms to those who met DSM-IV criteria for major depression, no differences were evident in the severity of depressive symptoms, rates of comorbid anxiety disorders, severity of anxiety symptoms, perceived stress, or social support (Goodman & Tully, 2009) . Moreover, the use of self-report measures parallels routine practice and screening recommendations in most clinical settings. Finally, we did not measure treatment satisfaction in our control condition, and our measurement of maternal functional outcomes was limited to one self-report measure of perceived maternal self-efficacy, which had restricted range in this sample.
Clinical Implications
Effectively treating depression among pregnant women is an important public health goal given that up to one in seven women experiences depression during this life transition (Gavin et al., 2005) . The correlates and consequences of depression on women and their children are negative and potentially enduring (Stein et al., 2014) . Moreover, available treatments often are not aligned with women's preferences for care, thereby creating challenges for women and their healthcare providers. To the extent that recent guidelines will promote screening of depression during pregnancy (ACOG, 2015; Siu et al., 2016) , it is essential that such screening practices are coupled with informing pregnant women about and providing options for effective nonpharmacological depression care. This study suggests that depression among pregnant women is effectively treated with BA, which can be flexibly delivered by trained behavioral and allied health providers. Future studies are needed to examine strategies to maximize the reach of this intervention, to test its effects on maternal functioning and offspring developmental outcomes, and to assess at multiple levels of analysis potential enduring effects and putative targets.
